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TUFTING-MACHINE 

5 FIELD OF THE INVENTION 

The invention relates to a tufting machine having at least one needlebar, loopers to 
pick up yam delivered through the needles of the needlebar(s). and driving means. 

BACKGROUND TO THE INVENTION 
1 0 The action of a needlebar in a tufting machine is controlled by a main drive. Usually 
the drive is direct coupled and, although antivibration decoupled drive systems have 
evolved out of recent research to develop high speed tufters, to the best of the appli- 
cants* knowledge all needlebars follow a simple harmonic motion, oscillating between 
top-dead-center (TDC) and bottom-dead-center (BDC) on a regular sinusoidal path. 

15 

The pick-up of yam off the needle, due to a looper or hook is a critical part of a tufting 
action which is best achieved slightly after the needle has passed BDC. Halting or 
slowing the needle at this point would assist the looper respectively hook yam pick-up. 

20 In the case of double-sliding needlebar tufters, excess top stroke is required to enable 
the lateral needlebar shifts to take place and avoid backstitch "tagging" as the needle 
moves down toward BDC. This can result in loose and uneven backstitches. Similariy, 
excess bottom stroke is also required to enable clean pick-up of the yam from both the 
front and back needlebars. This can cause problems with evenness of the pile surface 

25 and so results in a product with lower quality. 



Adjustment of the top and bottom needlebar stroke influences the suri^ace and the 
back-stitch of a tufted carpet The means of adjustment of cunrent needlebar strokes 
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are generally very crude and often involving (sometimes non-ideal) quantum step ad- 
justments. 

Although intermittent feed of the primary backing is possible with modem tufting ma- 
5 chines it is still possible, that the backing movement interferes with the needle stroke. 
This means while the backing material moves while the needle is still in the backing 
material. This system causes stresses on the tufting machine, the tufting needle and 
carpet primary backing. The stresses on the machine cause, for example, increased 
power usage and premature machine wear. The stress on the needle can cause nee- 

1 0 die breakage. The stresses on the carpet backing cause distortion of the structure of 
the primary backing which in turn can lead to problems with, for example, carpet di- 
mensions. In the case where intermittent primary backing feed was used, the time 
available for backing feeding is limited. In the case where continues primary backing 
feed was used, this stress is even more critical, and can cause severe damages or is 

1 5 the reason for low quality carpet production. In case of producing cut pile carpet the 
pick up of yarn off the needle after the needle has passed the BDC is done by a hook. 
Several yam loops are collected on the hook and are cut by a knife to produce the cut 
pile carpet. Both motions, the hook motion and the knife motion are of simple harmonic 
motion and being steadily sine-shaped. 

20 

The action of a looper, a hook or a knife in a tufting machine is controlled by a main 
drive. The coupling between a looper bar, a hook bar and a knife bar supporting a plu- 
rality of loopers, hooks or knives in a tufting machine and the main drive may be direct 
or through other mechanical systems to reduce inertia and vibration but, to the best of 
25 the applicants' knowledge, the loopers, the hooks and the knives follow a simple har- 
monic motion on a regular sinusoidal path.. 
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The most common looper action follows an arc whereby the loopers are "rocked" out(or 
oscillated) to a pick-up point and back to a position to clear needles of the tufting ma- 
chine. Patents for a linear motion looper action US Patent No. 5645001 and 4759199 
(assignee Tuftco) have been found. With both arcuate and linear motion the timing of 
the looper action is critical for good tufting. Furthermore the way in which the looper 
picks the yam off the needle, holds it while the needle withdraws and casts off the loop 
have significant effect on a carpet surface produced in a tufting machine. Same thing is 
true and valid for the motion of the hook action and the motion of the knife action. 



1 0 Looper, hook and knife motion timing and set-up are relatively frequently adjusted pa- 
rameters with different carpet qualities requiring different settings for these parameters. 

The means of adjustment of the looper, hook and knife action for timing and pick-up 
are generally very crude, in some cases involving releasing mounting clamps and 
1 5 knocking the looper, hook and knife assembly into another position with a hammer. 

An object of the invention is to overcome the identified disadvantages, provide an al- 
temative choice and improve the action and performance of the needlebars, hooks, 
knives and loopers of a tufting machine. 

20 

Further objects of the invention will become apparent from the following descriptions. 



SUMMARY OF THE INVENTION 

According to a broadest aspect of the invention there is provided a tufting machine in 
25 which the needle action and/or the action of the loopers, hooks and knives is a non- 
simple harmonic motion, that is a non-sinusoidal motion 
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A non-simple harmonic action (n-SHM) needlebar action would also have significant 
advantages. 

Mechanical systems (e.g. cams) can be used to achieve an n-SHM needle action with 
5 significant improvements in comparison to conventional needlebar actions. The great- 
est advantages for an n-SHM needlebar drive system would be achieved through the 
use of a computer controlled drive system. 

The looper, or/and hook or/and knife action, ease of set up and fine tuning can be 
1 0 greatly improved by decoupling the looper, hook and knife drive system from the main 
drive of the tufting machine. A non-simple-harmonic-motion (n-SHM) drive can be 
used to give significant advantages for the looper, hook and knife motion. 

Mechanical systems (e.g. cams) can be used to achieve n-SHM motion action with sig- 
1 5 nificant improvements in comparison to the conventional motion action to move the 
looper or/and the hook or/and the knives in their advanced and retracted positions. The 
greatest advantages for a decoupled drive system would be achieved through the use 
of a computer controlled drive system. 



20 PREFERRED EXAMPLES 

As an example, for a comparison between conventional simple harmonic needle and 
looper action and the non-simple harmonic needle and looper action of the present in- 
vention is shown in the accompanying drawing in which: 

Figure 1 shows conventional simple harmonic needle and looper action. 
25 Figure 2 shows an example of path for the non-simple harmonic motion for a 

needle with the (SHM) looper path shown as well. 

Figure 3 shows an example of a non-simple harmonic motion for a looper with 
the (SHM) needle path shown as well. 
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The shown looper motions are examples and can be substituted by motions for the 
hooks and the knives. 

In Figure 1 the needle oscillates between top dead center (TDC) and bottom dead 
5 center (BDC) with a SHM. The looper oscillates between fully extended and fully re- 
tracted with a SHM. 

Using an n-SHM needlebar action would enable the needle to be slowed, or halted, at 
the pick-up point to assist the looper to pick up the yam from the needle. 



An n-SHM needlebar action could also be used to reduce the amount of time that the 
needle is in the backing (as a percentage of the needle stroke time) which would lead 
to reduced stress on the tufting machine and reduced distortion of the carpet primary 
backing. 



Although in theory it is possible to vary the distance between rows of tufts (i.e. stitch 
rate), in practice there is a practical limit on the extent of variation for any given top 
stroke setting of the needlebar. i.e. limited by the time that the needles are out of the 
backing. Using an n-SHM needlebar action, the needles could be slowed, or halted, 
20 above the backing to extend the time available for increased distance between rows of 
tufts. 

In the case of intermittent primary backing feeding, an n-SHM needlebar action would 
allow more time for the backing advance to take place, i.e. when the needle was not in 
25 the carpet backing. 



In the case of double sliding needlebar tufting machines an n-SHM needlebar action 
which slowed, or halted, the needle at TDC could be used to ensure that the needles 
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would not "tag" the backstitches without excess top stroke which would, in turn, result 
in tighter, more even backstitches. Furthemnore,j|the use of an n-SHM needlebar action 
which^slowed, or halted, the needle at the pick-up could be used to ensure good yam 
pick-up without excess bottom stroke which would, in turn, result in a more even carpet 
surface. 



A computer controlled needlebar drive system would also enable the action to be elec- 
tronically fine-tuned to a high level of precision. Different set ups could be achieved 
automatically for a different product as is currently done for other tufting parameters, 
1 0 such as yam feed, pile height, primary backing feed, etc, as in US 4867080. 

Patteming effects may also be possible through variation of the needlebar stroke be- 
tween rows of the same product 

15 It is expected that an n-SHM needlebar action would also lead to reduced machine vi- 
bration, which in turn, could enable higher speed operation. Further advantages could 
also be accrued through the use of shorter needlebar strokes and intermittent needle- 
bar action. 



20 A non-simple-harmonic-motion looper action enables more precise control of the timing 
for the looper extension to pick-up the yam from the needle at the optimum position on 
the needle. Furthermore, the looper can remain "extended" to hold the loop until later 
in a tufting cycle, i.e. until the backing has advanced on to trap the backstitch under the 
presser foot to reduce the tendency for yam to be "robbed-back" as the next tuft is in- 

25 serted. 



In more sophisticated versions, the looper can "track" the tuft at the same speed as the 
backing advance to maintain the loop height, shape, etc. 
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A computer controlled looper drive system also enables the action to be electronically 
fine-tuned to a high level of precision. Different set ups can be achieved automatically 
for a different product as is currently done for other tufting parameters, such as yam 
5 feed, pile height, primary backing feed, etc, as in US 4867080. 

Patterning effects may also be possible through pile height control and variation by the 
modified action of the looper. 

10 It is expected that an n-SHM looper action would also lead to reduced machine vibra- 
tion, which in tum, could enable higher speed operation. Further advantages should 
also accrue through the use of shorter looper strokes and intermittent (compared with 
continuous) looper action. 

1 5 The foregoing description particular refers to the looper motion it is envisaged that the 
advantages on the looper motions are also valid for the motions of the hooks and the 
knives. Precise and timely adjusted n-SHM knife motion will assure a good precise cut- 
ting of the loops which will result in high quality cut pile carpet. 

20 Where in the foregoing description particular reference has been made to mechanical 
equipment it is envisaged that their mechanical equivalents can be substituted as if 
they were individually set forth. 
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Particular examples of the invention have been described and it is envisaged that im- 
provements and modifications can take place without departing from the scope thereof. 



